Components of the organic matter were studied in soil under 3 MixedPrahktypea:grassbmddomhmted by needknd-thread/blue grama (St&a comata Trin. and Rupr.~Boute~ouagrmilis (HBK.) Lag. ex Steud.) in good range condition; grassland significantly modified by grazing, domimted by blue grama and in poor range condition; and grassland, dominated by needle-and-thread/blue grama in good range condition, but converted to crophmd and under continuous wheat for 4 years. The soils were sampled on 13 April 1988. Concentrations of total organic carbon in the upper 2 cm were 1.39, 2.70, and 1.87%, respectively. The higher organic carbon under blue gramr was caused by an active, ramified, fine rootmass which gave rise to most of the monosaccharides being of microbial origin. The monosaccharides in tbe lower Ap horizon in the crophmd were generally of plant origin from incorporated straw.
The quality of soil organic matter is sensitive not only to changes in parent material and plant cover, but also to management of the vegetation (Russell 1961) . The long-term effects of grazing by sheep on Stipa-Bouteloua prairie in Alberta (Smoliak et al. 1972) were a decrease in pH and percentage basal area of needleandthread (Stipa comata Trin. and Rupr.) , and an increase in total C, solvent-extractable C, alkaline-soluble C, polysaccharides, and percentage basal area of blue grama (Bouteloua grads (HBK.) Lag. ex Steud) and little club-moss (Selagenella densa Rydb.). An assessment of the recovery of the vegetative cover on abandoned farmland and concomitant soil characteristics under semiarid climatic conditions indicated that, under moderate grazing by livestock, more than 55 years were required for soil to return to native range standards (Dormaar and Smoliak 1985) .
Since the sheep grazing experiment was terminated in 1969, most of the area has been plowed up and reseeded. However, the reseeding was unsuccessful and the field was abandoned to allow for the recovery of the native vegetation. One part of the field was spared this fate to allow various other studies (Dormaar et al. 1977, Dormaar et al. 198 1) . The pure stands of blue grama have persisted over the years.
The purpose of this study was to examine the organic composition of soil under a Stipa-Bouteloua faciation in an exclosure, as compared to the enduring effect on the soil of a Bouteloua disclimax, and the effect of recent cultivation on the soil. Blue grama seems to maintain itself as a disclimax dominant by resisting the Authors are scientist and range ecologist, respectively, Agriculture Canada, Research Station, Lethbridge, Alberta TIJ 4B1. Contribution No. 3878918.
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establishment of the other species. The soil organic matter of semiarid regions is sensitive to anthropogenic pressure (Dormaar et al. 1977) .
Materials and Methods

Sampling Sites
Three sites geographically separated by several kilometers but still within the Mixed Prairie (Coupland 1961) and with similar parent material were sampled 13 April 1988. Site 1 represented vegetation typical of the Stipa-Bouteloua faciation of the Mixed Prairie Association in an ungrazed exclosure. Site 2 represented a Mixed Prairie area that had been overgrazed by sheep for I9 years, and where blue grama and little club-moss had increased to being the dominant species. Presently, Site 2 is being moderately grazed by cattle. Site 3 represented a field broken out of Mixed Prairie in 1984 and under continuous wheat since that time with a biennial application of between 22 and 56 kg of N, and 0 and 17 kg PzOs per hectare, as recommended (Alberta Agriculture 1984) for the area.
Soils
The soils of all 3 sites are members of the Orthic Brown Subgroup of the Chernozemic Order (Aridic Ustochrept) on till with loam texture. The climate is semiarid with an average annual precipitation of 3 10 mm. At each site, the A horizon from 0 to 2 cm (Ah1 or API) and from 2 cm to the bottom of the A horizon (Ah2 or AP2) and the whole Bm horizon were sampled within 3 subplots in each of the 3 sampling plots. The latter were about 100 m apart. The subplot samples were combined, mixed, hand-sieved through a 20-mm sieve, and stored in sealed, double polyethylene bags at 4' C. At the time of sieving, roots and other debris were removed from the soil and discarded. Moisture content of the soils was determined by drying a small portion overnight at 105" C. After the mineralizable N and dehydrogenase activity analyses were carried out, the soils were dried and ground to pass a OS-mm sieve.
Analyses
Soil pH was measured in 0.01 M C&12 (solution: soil ratio of 2: 1). Total C and N were determined by dry combustion in a Carlo Erba NA 1500 Analyzer, carbonates were eliminated with HCl prior to the analysis. The biological index of N availability (mineralizable N) was determined as outlined by MacKay and Carefoot (1981) ; the chemical index of N availability (autoclaveable N) was determined as outlined by Keeney (1982) . Exchangeable NOa-N and NH+N were determined by steam distillation as outlined by Keeney and Nelson (1982) . NaHCOs-soluble P was determined as per Olsen et al. (1954) .
Within 24 h after the soils were sampled, dehydrogenase activity of the fresh, moist soil was determined at pH 7.6 by measuring the triphenylformazan (forrnazan) produced by reduction of 2,3,5,-triphenyltetrazolium chloride when soil was incubated with 2-amino-2-(hydroxymethyl)propane-1:3 diol buffer (0.5M) at 30" C for 5 h (Ross 1971) . Carbohydrates were determined by the phenolsulfuric acid method of Dubois et al. (1956) as modified by Doutre et al. (1978) . The monosaccharide distribution in hydrolysates of the soil samples was assessed as outlined by Dormaar (1984 Dormaar ( ,1987 . The quantitative analyses of the alditol acetates were done with a Hewlett Packard GC 5840A. To obtain alkaline-soluble organic acids (Morita 1965 , Vance et al. 1985 , Whitehead et al. 1975 , 10 g of soil was hydrolyzed under Nz with 100 mL OSM NaOH by shaking for 18 h, after which the mixture was centrifuged and the supematant decanted. Another 100 mL of 1 .OM NaOH was added to the soil, heated under Nz in a 90" C waterbath for 4 h, cooled, centrifuged, and the supernatant decanted. Finally, the soil was twice washed with 50 mL distilled water. The 2 supernatants and 2 washings were combined, acidified to pH 2.0 with 2M HCl, and centrifuged. The supernatant was treated with a 40-mL suspension of freshly precipitated ZnzFe(CN)s (15 mL/ 100 mL extract) to precipitate lipid material (Hamence 1944) .
The treated supematant was readjusted to pH 2.0, centrifuged to remove a brown precipitate, and filtered by vacuum through a Buchner funnel (Whatman #5). The filtrate was centrifuged and filtered once more after which the filtrate was extracted 3 times with ethyl acetate in a separatory funnel. The combined ethyl acetate extract was dried over anhydrous NarSO4 before being partitioned by washing 4 times with equal volumes of 8% NaHCOs solution. This procedure was designed to transfer the organic acids to the aqueous phase (Jalal and Read 1983) . The NaHCOa solution was acidified to pH 2.0 and re-extracted 4 times with 15% ethyl acetate. The combined organic phase was reduced to 5 mL on a rotary evaporator (48" C, 20 kPa).
The solution was transferred into a small vial, evaporated to dryness with a stream of Nz, 200 PL of pyridine, containing 3-methoxybenzoic acid at a concentration of 0.5 pg per ~.IL to serve as internal standard, added and mixed. To obtain silylation (Jalal and Read 1983; Pierce Chemical Company 1985) , 200 PL N,G-bis(trimethylsilyl)trifluoroacetamide (BSTFA) were added and mixed. To ensure complete derivatization, the sample mixture was heated at 60" C in the closed vial for 10 min.
The quantitative analyses were carried out with a Hewlett Packard GC 584OA, using a 30-m long capillary column wall-coated with 5% diphenyl/ 95% dimethyl polysiloxane (DB-5). The qualitative analyses were carried out with a Hewlett Packard 5985B. Tentative identifications were based on the search of the GC-MS data system and, where possible, authentic samples.
Each chemical constituent was analyzed across site for each sampling depth using analysis of variance with 2 and 6 df for site and error terms, respectively. The plot variation was assumed to represent the experimental error since true replication was not 18aB  lc  8bB  2b  6aAB  2a  1lbC  lc  l&B  3a  17aB  4a  38aA  2a  27aA  3a  26  3  35  6  82  9  143  18  19OaA 1.5Oa possible. Specific comparisons were made using Scheffe's test (Steel and Torrie 1980) . Repeated samplings of a single plot will reduce variance attributable to analytical or sampling errors and do not constitute a replication of an applied treatment. It is also recognized that chemical and vegetational changes that may occur within and on the soil are undoubtedly affected by a host of environmental effects that vary with years. Ideally, the most accurate assessment of such changes would be made from repeated analyses of samples taken periodically from replicated treatements over many years. Although replication is undeniably desirable and useful, valid information and data can still be gained from early established, unreplicated field experiments, including long-term grazing trials, by virtue of their antiquity (Ridley and Hedlin 1968, Dormaar and Pittman 1980) . Finally, it has been shown (Dormaar 1964, Dormaar and Smoliak 1985) that samples taken from Chemozemic soils in southeastern Alberta with similar parent material and vegetation within a Soil Zone, were statistically similar. Any differences between Sites 1,2, and 3 are thus assumed to be due to treatment and not to random variability.
Results
Chemical Characteristics
When comparing the needle-and-thread/ blue grama, blue grama, and cropland soils, i.e., under either grassland or cropland cover (Table l) , all Ahi vs. Ahi vs. Api and Ahz vs. Ahs vs. Aps comparisons differed significantly (PCO.0 1) except for one C and one C/N ratio comparison which were not significant (E30.05). However, when the Ahi + Ah2 vs. Ahi + Ahs vs. Api + Apz were analyzed together, the C and C/N ratio comparisons became significant (P<O.O5) as well. Only total C and N did not differ significantly (ZQO.05) among sites in the Bm horizon. The blue grama and cropland sites should really be compared individually, rather than collectively, with the needle-and-thread/ blue grama site. The change from needle-and-thread/ blue grama to cropland increased the C content, the chemical index, dehydrogenase activity, and carbohydrate content of the A horizon (Table 1 ). In comparison with the Ahi of the needle-and-thread/blue grama site, the C content almost doubled under blue grama. This increase was due to the root mass distribution of the blue grama (Smoliak et al. 1972; Table 2 ). The exchangeable N and available P values were highest in the cropland soil because of the fertilizers used, whereas mineralizable N was generally highest in the blue grama soil. Dehydrogenase activity was highest in the Ahi and Ah2 horizons of the cropland soil but lowest, i.e., nonmeasurable, in its BM soil.
Monosaccharides
The 8 monosaccharides detected were present at each site but often in significantly (KO.05) different proportions ( Table 2) . The 3 dominant sugars were arabinose, xylose, and galactose. The Ahi of the needle-and-thread/ blue grama soil had the most deoxyhexoses (rhamnose + fucose), the Ahi of the blue grama soil had the most pentoses (ribose + arabinose + xylose), and the Ahi of the cropland and needle-and-thread/ blue grama soils were highest in hexoses (mannose + galactose + glucose). The levels of all monosaccharides decreased rapidly below 2 cm (Ahs). Most of the differences between the same horizons were significant.
Another way to present the data was to calculate the ratio of galactose + mannose to arabinose + xylose. This ratio was close to 2.0 for the Ahs horizons of the blue grama and cropland soils and the Bm of the cropland soil. The other horizons had values less than 1 .O; Ahi of the blue grama soil was only 0.26.
Organic Acids
Seventeen acids were tentatively identified (Table 3) . One acid, although prominent particularly in the cropland Ahi and Ahs horizons, was not identified. Although there are many individual differences, the Ah1 horizon of the blue grama soil contained a total of 542 pg of organic acids l g-i of soil compared with 251 and 163 pg l g-l of soil for the cropland and needle-and-thread/ blue grama soils, respectively (Table 4) . Several acids, such as hydrocinnamic acid (peak 5) and atrolactic acid (peak 8) in the Ahi of the blue grama soil, were prominent in all Ahi horizons. Other prominent acids were benzic acid (peak l), azelaic acid (peak lo), pcoumaric acid (peak 13), fatty acid 2&O (peak 16), and bis(Z ethylhexyl)phthalate (peak 17).
Discussion
The change from needle-and-thread/blue grama prairie to a grass cover predominantly consisting of blue grama took 19 years to establish at site 2 (Smoliak et al. 1972) . The blue grama has endured since grazing ceased. Although long-term cultivation is known to change many soil chemical properties (Russell 1961) , as little as 4 years of cropping can also initiate such changes. Although part of these latter changes will be caused by the mixing effects of cultivation, the lower sugar levels in the cropland soil are not surprising because there was no root exudate input into the system for part of the year. Further, the equilibrium under which soil organic matter of the needle-and-thread/ blue grama exists is easily altered (Doughty 1948 , Smoliak et al. 1972 .
Practically all the N in surface soils is organically combined (Keemey 1982). A significant amount of this soil organic N is mineralized during a growing season. Laboratory indices of N availability allow not only a measure of the soil's ability to release N for plant growth, but also insight into N-organic matter relationships. Even though the biological indices of the cropland and needle-and-thread/blue grama sites were similar, the different chemical indices suggested that the organic matter quality is no doubt different. That is, the organic matter of the needle-andthread/ blue grama soil was probably in a more stable humified stage than the organic matter from the cropland soil, particularly in the Ahi of the blue grama is certainly of different quality. Since the chemical index is faster and easier to carry out than the biological index, it may be a good analysis to separate different types of organic matter on the basis of mineralizability of the organically bound N.
The carbohydrates in the soil are, for the most part, derived from plant polysaccharides in roots and plant debris with the remainder being derived from mucilages associated with roots and microorganisms. Polysaccharides containing substantial quantities of arabinose and xylose are considered to be of plant origin and those containing galactose and mannose to be predominantly of microbial origin (Oades 1984) , and thus the ratio galactose + mannose/arabinose + xylose will be low (<0.5) for plant polysaccharides and high (>2.0) for microbial polysaccharides. The AhI of the blue grama soil does, therefore, seem to have more polysaccharidesof microbial origin than any of the other horizons under either needle-and-thread/ blue grama or cropland. This is in keeping with the organic C level (Table l) , derived mainly from root mass and root exudates as shown by growth chamber-grown blue grama (Dormaar 1988) . While the ramified, active, tine root mass of blue grama in the Ahr horizon has created a potential for the production of diffusible energy-rich compounds (Dormaar and Sauerbeck 1983) , the Ahs contains the more mature root mass, therefore leading to more polysaccharides of plant origin. Similarly, the Ah2 and Bm horizons of the cropland would represent straw worked into the soil (Doughty 1948) , again leading to more polysaccharides of plant origin.
are an example of allelopathy being a factor in ecological process (Muller 1969) . pCoumaric and ferulic .acids. .also have been reported to affect plant-water relationships (Einhellig et al. 1985) . At this point it is not possible to state if these acids came from the blue grama or from little club-moss. Nevertheless, little else grows when these 2 species are present. Both increased in prominence because of excessive grazing pressures (Coupland 196 1, Smoliak et al. 1972 ), yet this community still exists in spite of being only moderately grazed at present. Water extracts of roots of blue grama, simulating water through-flow, also inhibit the oxidation of ammonia to nitrate (Neal 1%9) . Ferulic acid is a unit compound in the synthesis of lignin, and its increased presence in the cropland soil thus may be due to the incorporation of the straw into the soil.
In range ecology, it is often generalized that given the right conditions, such as stocking rate or rest rotation, plant succession will automatically follow. If the allelopathic effect is valid under blue grams/little club-moss by preventing plant succession, this may then present a challenge to the range manager. On the whole, range recovery, particularly under semiarid climatic conditions, is poorly understood and defined:
Simple phenols, benzoic acid, and derivatives are the most commonly identified allelopathic compounds produced by higher plants that may inhibit plant growth and nutrient uptake (Rice 1984) . Phenolic acids also have been reported to either suppress indole3acetic acid (IAA) or to stimulate IAA oxidase (Lee et al. 1982) . To take this one step further, Lee (1977) has shown that aliphatic and aromatic carboxylic acids may cause the loss, through changes in the root permeability, of ions such as K+, Ca++, and N03-N, and ultravialet;ahsorbing materials into the surrounding solution.
Of course, the organic acids identifiedlwere obtained via the more drastic NaOH-extraction.
Nevertheless, the suite of acids tentatively identified do give an indication of the presence of these compounds in the soil organic matter and thus, the potential for their effect in the overall biochemical processes in the soil. From a range management point of view, the higher amounts of acids identified in the blue grama Ah horizons may further exacerbate this potential. At this point it is not possible to say if this is for better or for worse.
Since, among others, hydrocinnamic acid (peak S), p-hydroxybenzoic acid (peak 6), syringic acid (peak 12), p-coumaric acid (peak 13), and ferulic:acid (peak 15) are all phytotoxic towards germination with even stronger effects on the growth of seedlings (Hennequin and Juste 1%7) , it may be hypothesized that the significantly greater quantities of these and others in the blue grama soil compared with-the needle-and-thread/ blue grama soil Most identified acids were present in all horizons. Since the quantitative fingerprints were different from horizon to horizon and soil to soil, it does demonstrate complex and interrelated effects among soil horizons, plant species, and management. Although the selection of the blue grama soil may indeed be extreme when used in paired comparison with cultivated soil, it does emphasize the dilemma of selecting baseline soils for management comparisons, particularly since exclosure soils represent another extreme in relation to pre-range management times.
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